Synopsis Sponge classification has long been based mainly on morphocladistic analyses but is now being greatly challenged by more than 12 years of accumulated analyses of molecular data analyses. The current study used phylogenetic hypotheses based on sequence data from 18S rRNA, 28S rRNA, and the CO1 barcoding fragment, combined with morphology to justify the resurrection of the order Axinellida Lévi, 1953. Axinellida occupies a key position in different morphologically derived topologies. The abandonment of Axinellida and the establishment of Halichondrida Vosmaer, 1887 sensu lato to contain Halichondriidae Gray, 1867, Axinellidae Carter, 1875, Bubaridae Topsent, 1894, Heteroxyidae Dendy, 1905, and a new family Dictyonellidae van Soest et al., 1990 was based on the conclusion that an axially condensed skeleton evolved independently in separate lineages in preference to the less parsimonious assumption that asters (star-shaped spicules), acanthostyles (club-shaped spicules with spines), and sigmata (C-shaped spicules) each evolved more than once. Our new molecular trees are congruent and contrast with the earlier, morphologically based, trees. The results show that axially condensed skeletons, asters, acanthostyles, and sigmata are all homoplasious characters. The unrecognized homoplasious nature of these characters explains much of the incongruence between molecular-based and morphology-based phylogenies. We use the molecular trees presented here as a basis for re-interpreting the morphological characters within Heteroscleromorpha. The implications for the classification of Heteroscleromorpha are discussed and a new order Biemnida ord. nov. is erected.
Introduction
There are approximately 8000 valid species of sponges, but this number is likely to be a gross underestimate given how poorly studied some faunas are, the cryptic nature of many of the habitats, and the occurrence of cryptic species (Cardenas et al. 2012 ). Of the 8000 described species, approximately 6650 belong to Demospongiae (Morrow et al. 2012) . The currently accepted classification of sponges depends almost exclusively on the morphology of spicules and the arrangement of spicules within the sponge tissue. However, some of the most recent taxonomic studies have taken a more integrative approach using a combination of morphological and molecular characters (Cardenas et al. 2011 ) and also cytologic and metabolomic fingerprinting (Gazave et al. 2010a ). Reconstruction of phylogenetic relationships within sponges is extremely challenging given the relative simplicity and environmental plasticity of the skeletal characters. This task is made more difficult by our lack of knowledge of whether specific skeletal characters indicate a common evolutionary origin (homologous) or whether they are a consequence of convergent evolution, parallel evolution, or evolutionary reversals (homoplasy). When the number of morphological characters available for analysis is high, the impact of undetected homoplasy may be small (Jenner 2004) , but when there is a paucity of morphological characters, which is often the case with sponges, then the consequences of homoplasy can be significant for the classification. Compared with most other groups, the phylogenetic relationships among sponges are still largely unresolved, hindering attempts to achieve a stable classification for the group.
The Lévi-Bergquist-Hartman classification of Demospongiae Lévi (1953 Lévi ( , 1956 Lévi ( , 1957 Lévi ( , 1973 was the first to provide a modern synthesis of the classification of Demospongiae. He identified two subclasses; Tetractinomorpha for taxa with a radial or axially condensed skeleton and an oviparous mode of reproduction and Ceractinomorpha for taxa with a reticulate skeleton and viviparous reproduction. He erected a new order Axinellida, containing the family Axinellidae, which previously had been classified within Halichondrida (according to the classification of de Laubenfels, 1936) . Hallmann (1917) and Lévi (1953 Lévi ( , 1956 argued for the removal of Axinellidae from Halichondrida. Lévi (1953) suggested that Axinellida should be given ordinal status. He allocated the new order to the subclass Tetractinomorpha; this was largely based on reproductive strategies. Axinellida was interpreted as containing species that are oviparous and have an axially condensed skeleton whilst Halichondrida sensu stricto contained species that are viviparous with a confused or reticulate skeleton. Bergquist (1970) , in her study of Axinellida and Halichondrida from New Zealand, concluded that the differences in life-cycle patterns between members of Axinellida and Halichondrida were sufficient to warrant their placement in separate orders. However, Bergquist (1967) pointed out that some axinellids (Raspailiidae Hentschel, 1923 and Sigmaxinellidae Lévi, 1955) have similar morphological features as some groups of Ceractinomorpha (i.e., Poecilosclerida Topsent, 1928) and are difficult to place between Poecilosclerida and Axinellida. In assigning them to Axinellida she placed emphasis on their reproductive strategies.
Both Bergquist (1970) and Hartman (1982) found support for Lévi's classification, and this became known as the Lévi-Bergquist-Hartman system (L-B-H). Fig. 1A summarizes this classification and shows the families that were assigned to Axinellida.
The Soest-Hooper system
The first studies to utilize morphocladistics in sponge systematics were van Soest (1984a van Soest ( , 1987 van Soest ( , 1990 van Soest ( , 1991 , van Soest et al. (1990) , de Weerdt (1989) , and Hooper (1990a Hooper ( , 1991 . These studies were based primarily on skeletal characters. The results led to a new classification which was later adopted by Systema Porifera (Hooper and van Soest 2002) and which still underpins the current most widely used reference for sponge nomenclature, the World Porifera Database (van Soest et al. 2013 ). This classification differs from the L-B-H system primarily by the abandonment of Axinellida and the allocation of Axinellidae, Bubaridae, Heteroxyidae, and Dictyonellidae to Halichondrida; Hemiasterellidae Lendenfeld, 1889 and Trachycladidae Hallmann, 1917 to Hadromerida Topsent, 1894 and Raspailiidae (including Euryponidae Topsent, 1928) , Rhabderemiidae Topsent, 1928 , and Sigmaxinellidae to Poecilosclerida. This supports earlier findings that transferred the raspailiids to Poecilosclerida on the basis of shared acanthostyles and similar surface architecture in some species (Hooper 1990a) .
Cladistic approaches to systematics were highly critical of the L-B-H system, in particular with regard to the changes Lévi proposed for Halichondrida and Poecilosclerida (van Soest 1987, 1991; van Soest et al. 1990 ). They argued that reproductive strategies cannot reasonably be interpreted as synapomorphies at the subclass level, and even at lower levels these can be an adaptive response, developed independently. These authors also pointed out that for many taxa reproductive strategies were unknown and were inferred from the skeletal arrangement, therebv making a circular argument. Typical members of Axinellidae, Raspailiidae, Hemiasterellidae, and Sigmaxinellidae share the possession of an axially condensed skeleton. van Soest et al. (1990) pointed out that each of these families also possessed characters that they interpreted as synapomorphies widely shared by different groups, such as asters in Hemiasterellidae with Hadromerida; acanthostyles in Raspailiidae with some Poecilosclerida; and sigmata in Sigmaxinellidae with other Poecilosclerida. van van Soest (1991) proposed changes to the classification mainly based on the argument that it was more parsimonious to assume that an axially condensed skeleton had arisen independently in different lineages (Hadromerida, Halichondrida, and Poecilosclerida) than to assume that asters, acanthostyles, and sigmata each evolved independently in separate lineages. This classification, which became known as the SoestHooper system, is summarized in Fig. 1B .
The molecular classification
Early molecular phylogenetic studies of sponges used full-length sequences of 18S rRNA and the C1-D1 region of 28S rRNA and showed that the class Demospongiae is monophyletic, exclusive of Homoscleromorpha (Borchiellini et al. 2004 ). These results showed that Demospongiae consists of four wellsupported clades: ''G1'' and ''G2'' subsequently named Keratosa and Myxospongiae and marine Haplosclerida (''G3'') and a large clade provisionally called G4. Subsequent molecular studies, e.g., Lavrov et al. (2008) using complete mitochondrial genomes, 
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and Sperling et al. (2009 Sperling et al. ( , 2010 ) using nuclear housekeeping genes obtained largely congruent results. Sperling et al. (2009) proposed the name Democlavia for the G4 clade; however, Cardenas et al. (2012) later formally proposed Heteroscleromorpha for this clade. Heteroscleromorpha is by far the most important group of demosponges in terms of the number of taxa and contains approximately 5000 described species. Within Heteroscleromorpha there is a large degree of incongruence between phylogenies reconstructed on the basis of molecular sequences and those based on cladistic analysis of morphological characters, as highlighted by Morrow et al. (2012) . In the current study we attempted to gain an understanding of the causes of the incongruences by mapping the distribution of asterose and sigmatose microscleres, acanthostyles, and axially condensed skeletons onto updated molecular trees to gain an insight into whether these characters represent homologies or homoplasies (Fig. 1C ).
Materials and methods

Samples and specimens
A combination of freshly collected specimens and museum specimens was used together with a number of sequences from Genbank. In total 154 species were included in this study; Table 1 shows the markers obtained and the corresponding catalogue numbers and Genbank accession numbers for each of the species. Most of the fresh material was collected by SCUBA diving, shore collecting, and by the ROV Holland I launched from RV Celtic Explorer. The sponges were photographed in situ prior to collection and samples no bigger than 1 cm 3 were collected and fixed in 95% ethanol. When necessary the ethanol was changed after 20 min to fully desiccate the specimen.
DNA extraction
At Queen's University Belfast, DNA was extracted from subsamples following the methods outlined by Morrow et al. (2012) . At the University of Alabama at Birmingham, DNA was extracted from subsamples following the procedures outlined by Thacker et al. (2013, this volume) . Details of DNA extraction at the National Museum of Natural History are given by Redmond et al. (2013, this volume) .
PCR amplification
18S rRNA, 28S rRNA, and CO1 barcoding region were chosen for amplification as these genes have been shown to be useful phylogenetic markers in sponges (Erpenbeck et al. 2007; Wörheide et al. 2007; Cárdenas, 2010; Gazave et al. 2010b ). Details of PCR protocols and primers used for amplifying and sequencing are given by Morrow et al. (2012) for 28S rRNA and CO1 sequences, Thacker et al. (2013, this volume) for additional 28S sequences and Redmond et al. (2013, this volume) for 18S sequences.
Phylogenetic analyses
Sequences were managed in Geneious Pro 4.7 software (Drummond et al. 2009 ). Forward and reverse reads were assembled into contigs using the assembly function of the software and checked for inconsistencies. In cases in which the forward and reverse reads disagreed, Geneious automatically used the better quality of the two reads or introduced an IUPAC ambiguity code into the consensus sequence. The sequences were aligned with MUSCLE v. 3.6 (Edgar 2004a (Edgar , 2004b and trimmed in Geneious. Question marks were used for any missing data. JModelTest (Darriba et al. 2012 ) identified the GTR þ G þ I model as the best-fit model of molecular evolution for all datasets.
Phylogenetic analyses were conducted using maximum likelihood in RaxML (Stamatakis et al. 2008) and Bayesian inference in MrBayes 3.1.2 (Ronquist and Huelsenbeck 2003) . The best tree from RaxML is illustrated showing bootstrap supports 450 and posterior probabilities 40.5 from the Bayesian analysis. Additional partitioned analyses and analyses treating saturation of the third codon in the CO1 barcoding sequences with RY coding gave the same topology.
Whilst previous molecular studies have suggested that Haploscleromorpha (¼ marine haplosclerids) are the sister group to Heteroscleromorpha (Borchiellini et al. 2004; Lavrov et al. 2008) , Erpenbeck et al. (2004) demonstrated that ribosomal sequences in Haploscleromorpha showed increased evolutionary substitution rates, which disqualifies them as a suitable outgroup taxa for rRNA analyses of Heteroscleromorpha; therefore Lamellodysidea herbacea (Keller, 1889) and Dysidea arenaria Bergquist, 1965 (Keratosa: Demospongiae) were chosen for the combined 18S-28S rRNA analysis and the combined 18S-28S-CO1 analysis, respectively. For consistency Dysidea arenaria was chosen as the outgroup for our CO1 analysis.
Results
Description of the trees
A genetree based on RaxML analysis of combined full-length 18S and 28S (D3-D8 region) rRNA Agelas axifera G320422 Australia DQ069299 --
Amorphinopsis excavans
Cliona celata Mc5497 Wales HQ379310 HQ379376 KC902383
Cliona celata EF519608
Cliona varians
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sequences of 121 species was constructed using a wide range of species both from this work and from previous studies (Fig. 2) . While it was not always possible to represent the same species, a second tree (Fig. 3) , based on mitochondrial CO1 barcoding sequences from 57 taxa, covering the same genera as the 18S-28S tree, was constructed using RaxML. The CO1 tree recovered the same clades as the 18S-28S genetree but had a different branching order and less resolution. A genetree based on RaxML analysis of combined 18S, 28S rRNA and CO1 sequences of 33 taxa was constructed (Fig. 4) . In order to have representatives of Axinellidae and Polymastiidae Gray, 1867, the 18S and 28S rRNA sequences of Axinella vaceleti Pansini, 1984 were concatenated with the CO1 sequences of Axinella infundibuliformis (Linnaeus, 1759) and the 18S and 28S rRNA sequences of Polymastia penicillus (Montagu, 1818) were concatenated with Polymastia sp. A separate analysis of CO1 sequences (Fig. 3) shows A. infundibuliformis grouping within Axinellidae and Polymastia sp. within Polymastiidae Our combined 18S rRNA and 28S rRNA (D3-D8 region) analysis (Fig. 2) is substantially larger and contains 121 species and 3217 positions. This is the first study to do a combined analysis of 18S, 28S, and CO1 sequences for demosponges. Our combined dataset had 33 taxa and the alignment had 3811 positions. Our results conflict with many of the orders, families, and genera of the (morphological) classification of Systema Porifera (Hooper and van Soest 2002) .
Our results are congruent with previous molecular studies using ribosomal and mitochondrial markers (e.g., Erpenbeck et al. 2007a Erpenbeck et al. , 2007b Nichols 2005) but contrast with the recent results of Hill et al. (2013) which attempted to reconstruct family-level relationships within Demospongiae using seven nuclear housekeeping genes. One of the major differences concerned the relative position of Spongillida (freshwater sponges). In our analyses Spongillida clustered with Scopalinidae and was sister to the main heteroscleromorph clade. However, in Hill et al. (2013) Spongillida did not group with Heteroscleromorpha but was sister to Haploscleromorpha. In that analysis Tetractinellida was the sister group to the main heteroscleromorph clade but with very low support values. It is difficult to compare our phylogeny with that of Hill et al. which had very low taxon sampling (several of the families we included were not sampled and most of the families were only represented by one taxon) and low support for many of the deeper nodes. Graybeal (1998) and Wiens (1988) demonstrated that increased taxon sampling rather than increased number of characters is more effective in resolving difficult phylogenetic problems.
The 14 clades that are highlighted and named in Figs. 2 and 4 are also those recovered by Morrow et al. (2012) . The combined analyses (Figs. 2 and 4) show strong support for a large clade encompassing Axinellidae s.s., Raspailiidae, and Stelligeridae Lendenfeld, 1898. Although Morrow et al. (2012) did not resolve the position of Tetractinellida, Bubaridae (Dictyonellidae), and Biemnidae relative to the rest of the heteroscleromorph clades, our combined analysis in Fig. 4 shows strong support for Biemnidae being the sister group to Tetractinellida with Bubaridae as the sister group to these two clades.
The CO1 genetree (Fig. 3 ) also supports the clades highlighted in Figs. 2 and 4 ; however, Scopalinidae was not represented. The CO1 genetree supports a clade with Axinellidae s.s., Raspailiidae, and Stelligeridae; however, the support is much lower than with ribosomal genes (Fig. 2) . Erpenbeck et al. (2006 Erpenbeck et al. ( , 2007b pointed out that the CO1 barcoding region did not have sufficient phylogenetic signal to resolve the relationships between clades. Therefore the 18S þ 28S tree is our preferred tree for inferring phylogenetic relationships among clades and improving systematics of the group.
Discussion
The division of Demospongiae into two subclasses, Tetractinomorpha (oviparous) and Ceractinomorpha (ovoviviparous), by Lévi (1956) based on reproductive strategies has now been abandoned as several congruent molecular studies have not supported this division (Lafay et al. 1992; Borchiellini et al. 2004; Nichols 2005) . Mode of reproduction appears to be a homoplasious character Cardenas et al. 2012) . It is possible to reconcile the characters used by traditional taxonomists with our molecular results if we reinterpret the spicule characters used and accept significant levels of homoplasy and character loss. Below we discuss the distribution of asterose and sigmatose microscleres, acanthostyles, and axially condensed skeletons within Heteroscleromorpha. One of the major problems with using cladistics in sponge taxonomy is that 
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often the name given to a type of spicule is descriptive only and does not imply homology (BouryEsnault 2006) . These new results help to illuminate the evolutionary plasticity of heteroscleromorph skeletal elements.
Sigmata
The term sigma is used for C-or S-shaped microscleres. The Soest-Hooper system placed Haploscleromorpha (¼ marine haplosclerids) as sister group to Poecilosclerida, primarily on the basis that sigmatose microscleres are found in both (Fig. 1B) . Subsequent molecular studies using 18S and 28S rRNA (Borchiellini et al. 2004 ), 28S rRNA and CO1 (Nichols 2005) , 28S rRNA (Holmes and Blanch 2007) , complete mitochondrial genomes (Lavrov et al. 2008) , and housekeeping genes (Sperling et al. 2009; Hill et al. 2013 ) are congruent and show Haploscleromorpha as sister to Heteroscleromorpha. Fromont and Bergquist (1990) studied the different types of sigma found in Haploscleromorpha and Poecilosclerida and concluded that attempts to classify sponges on the basis of general morphological characters such as sigmata was an oversimplification of their diversity and resulted in misleading results. Sigmatose microscleres are found in Biemnidae Hentschel, 1923, Desmacellidae Ridley and Dendy, 1886, Poecilosclerida and Haploscleromorpha;  this indicates that the presence of sigmata can be homoplasious (Fig. 1C) . Our CO1 genetree (Fig. 3) shows Rhabderemia sorokinae Hooper, 1990 clustering with Biemna 12 C. C. Morrow et al., spp., Neofibularia spp., and Sigmaxinella. On the basis of skeletal characters (mainly the shared possession of sigmata), Hooper (1984) synonymized Sigmaxinellidae (Axinellida) and Biemnidae (Poecilosclerida) into a single family Desmacellidae and assigned Desmacellidae to Axinellida. Lévi (1955) gave a diagnosis of Sigmaxinellidae as ''axinellids with sigmoid microscleres;'' however, he commented that the status of this family was very uncertain as the spicules might be analogous with those in Biemnidae. van Soest (1984b) transferred Desmacellidae to Poecilosclerida.
Rhabderemiidae
Hooper (1990b) synonymized Rhabdosigma Hallmann, 1916 with Rhabderemia Topsent, 1890 and transferred Rhabderemiidae from Axinellida to Microcionina Hajdu et al., 1994 : Poecilosclerida on the basis that the monactinal megascleres and the structure of the microscleres are homologous with those of poecilosclerids. Rhabderemiidae is a monogeneric family with rhabdostyle megascleres; microscleres (if present) include rugose oxeote or toxa-like spicules (thraustoxeas), rugose sigma-like spicules (spirosigmata, thraustosigmata), and rugose microstyles (Hooper 2002) . van Soest and Hooper (1993) indicated that there is some doubt over the homology of the sigmoid toxiform microscleres between Rhabderemiidae and other poecilosclerids. Rhabderemia sorokinae clusters with Biemna spp., Neofibularia spp., and Sigmaxinella hipposiderus Mitchell et al., 2011 and not with microcionid taxa in Poecilosclerida (Fig. 3) .
There is also morphological support for Rhabderemiidae having a close relationship with Biemnidae/ Sigmaxinellidae. Cedro et al. (in press ) described a new species of Rhabderemia that has sigmata with microspined ends, similar to the sigma in some Biemna species. e.g., B. Soest and Hooper (1993) assumed that the rhabdostyles found in Rhabderemia and Biemna were homoplasious and did not indicate a close phylogenetic relationship between the two genera. However, in B. rhabdostyla, Uriz (1988) highlighted the fact that this species has ''normal'' Biemna spicules, i.e., ''normal'' styles, sigmata, raphides, and microxea, but in addition it also has rhabdostyles whilst B. rhabderemioides has only rhabdose styles. These two species are intermediate between Biemna and Rhabderemia and lend morphological support to the hypothesis that the two families are closely related.
The ribosomal genetree shows Biemnidae as sister group to Tetractinellida Marshall, 1876; this relationship was strongly supported by our Bayesian analysis (p.p.1) but had relatively weak support using RaxML (62 b.s.). The sigmaspires and raphides present in Spirophorina Bergquist and Hogg, 1969 (Tetractinellida) are possibly synapomorphic with the sigmaspires found in Rhabderemia and the raphides in Biemna and Neofibularia. The sigmaspires in Rhabderemia are similar to those found in Spirophorina. They are C-shaped or S-shaped, sometimes with a double twist, and the surface is minutely hispid; they also have similar dimensions. The tentative relationship suggested here needs to be tested with other markers, other Rhabderemia species, and a more detailed comparison of morphological characters.
Asters
Fig . 1C shows the distribution of asterose microscleres (star-shaped spicules) on our molecular tree. The families Hemiasterellidae and Trachycladidae were included in Axinellida Lévi, 1953 assigned them to Hadromerida on the basis of the shared possession of asters. Several molecular studies have now demonstrated that asters are homoplasious (Chombard et al. 1998; Borchiellini et al. 2004; Nichols 2005; Morrow et al. 2012) . Asterose microscleres have arisen independently on at least four occasions (Fig. 1C) : in Myxospongiae Haeckel, 1866 (Chondrillidae Gray, 1872); Tetractinellida (Astrophorina Sollas, 1888); Axinellida (Stelligeridae), and Hadromerida (Hemiasterellidae, Tethyidae Gray, 1848 , Trachycladidae, Timeidae Topsent, 1928 . Asterose spicules are mainly found in the surface ectosomal layer of sponges. In the phylum Tunicata, calcium carbonate asterose spicules are also found in the surface layer of Didemnidae Giard, 1872 (Kott 2004) . The presence of asterose spicules is likely to be a functional response that leads to a strengthening of the surface layer. It is also possible that asters may play an additional role in deterring predators.
Our analyses show that Trachycladus stylifer Carter, 1879 clusters with members of Hemiasterellidae (Adreus spp.) but our results also show that Hemiasterellidae is polyphyletic (Fig. 2) . Paratimea Hallmann, 1917 and Adreus Gray, 1867 both have euaster microscleres and are currently considered to belong to Hemiasterellidae (van Soest et al. 2013 
) yet
Taxonomy of Heteroscleromorpha 13 they do not form a monophyletic assemblage (Fig. 2) . Morrow et al. (2012) moved these genera into the family Stelligeridae. Re-examination of the asters in Paratimea and Stelligera Gray, 1867 shows that they are quite different to those found in Adreus and Tethya Lamarck, 1817. In Paratimea and Stelligera they are always smooth-rayed and there is only one size category, whereas in Adreus, Tethya, and Hemiasterella Carter, 1879 the asters often have microspined rays and come in a variety of size classes. The molecular data presented here and in previous studies show that Stelligera and Paratimea have a close relationship with Halicnemia Bowerbank, 1864 and Higginsia Higgin, 1877 (Heteroxyidae), all of which have acanthose oxea Morrow et al. 2012) . Topsent (1897) considered the acanthoxea as derived from asters. It is possible that the asters in Stelligera/Paratimea are homologous at some level with the acanthoxea in Halicnemia/ Higginsia, with the latter being an elongate derivative of the former. Fig. 5A shows a normal euaster in Paratimea sp.; Fig. 5B an acanthoxea in Halicnemia sp.; Fig. 5C an aberrant aster that is transitional between an aster and an acanthoxea; and Fig. 5D an acanthostyle from the raspailiid sponge Tethyspira spinosa Topsent, 1890 . Similarly, the acanthostyles in Raspailiidae could also have been derived from asters. However, testing these speculations will require detailed examination of the formation and growth of the spicules.
Acanthostyles
Fig . 1C shows the distribution of acanthostyles within Heteroscleromorpha. Acanthostyles are found in Poecilosclerida s.s. (Microcionina; Myxillina Hajdu et al., 1994) , Agelasida Hartman, 1980 , and Raspailiidae. From their distribution on our tree it seems likely that acanthostyles are homoplasious. Within Agelasida the acanthostyles usually have spines arranged in whorls (verticilles) although in Acanthostylotella Burton and Rao, 1932 the spines are not obviously verticillate. van Soest (1991) considered asters to be confined to the group Astrophorida-HadromeridaHemiasterellidae (Fig. 1B) and regarded asters as a synapomorphy for a clade composed of these three groups. In his resulting classification, acanthostyles were confined to Raspailiidae-Microcionidae Carter, 1875 -Myxillidae Dendy, 1922 -Agelasidae Verrill, 1907 van Soest 1991) . However, uniting this group on the basis of the shared possession of acanthostyles posed some taxonomic problems. van Soest (1991) considered sigmatose microscleres synapomorphic for the group Microcioniidae-Myxillidae-Mycalidae Lundbeck, 1905 -Petrosiidae van Soest, 1980 -Haplosclerida Topsent, 1928 , but these are not found in Raspailiidae and Agelasidae. For the raspailiids he attributed this to secondary loss but questioned whether the verticillate acanthostyles found in Agelasidae were homologous. Up to and including Lévi (1973) , all authors considered the agelasids to be part of Poecilosclerida. Bergquist (1978) , on the basis of reproductive biology and biochemical data, assigned the family to Axinellida. Chombard et al. (1997) found support for this classification using 28S rRNA sequence data. In the same study they also demonstrated a sister relationship between Agelasidae and Astroscleridae. The genus Axinella Schmidt, 1862 has been shown to be polyphyletic using ribosomal and also CO1 barcoding sequences (Gazave et al. 2010b; Morrow et al. 2012) . Two groups of Axinella were recovered, one with the type species Axinella polypoides Schmidt, 1862 and another with A. damicornis (Esper, 1794) . This latter group, also containing A. corrugata (George and Wilson, 1919) and A. verrucosa (Esper, 1794 ) is now assigned to Cymbaxinella P (Gazave et al. 2010b ) and has been shown to be closely related to agelasids (Morrow et al. 2012) .
The acanthostyles in Raspailiidae have a variety of geometries but some are remarkably similar to those found in Microcioniidae. This led Hentschel (1923) to assign Raspailiidae to Poecilosclerida, but other authors (e.g., Ridley and Dendy 1887; Vosmaer 1912) placed Raspailia in Axinellidae. Wilson (1921) emphasized an axially condensed skeleton and specialized ectosomal skeleton as the most important taxonomic characters and included Raspailiidae in Axinellidae. Most subsequent authors followed this classification until Hooper (1991) , in his revision of Raspailiidae, returned the family to Poecilosclerida. An increasing number of molecular studies has shown that raspailiid taxa are not closely related to Poecilosclerida s.s. (Erpenbeck et al. 2007a (Erpenbeck et al. , 2007b (Erpenbeck et al. , 2007c . Morrow et al. (2012) using 28S rRNA and CO1 barcoding sequences showed that the raspailiids were sister to a redefined Stelligeridae and that the two families clustered with Axinellidae.
We demonstrate strong support for Raspailiidae being sister group to Stelligeridae (Fig. 2) , represented in this analysis by Stelligera spp., Paratimea spp., Halicnemia spp., and Higginsia mixta. At least some species of the genera Halicnemia, Higginsia, Paratimea, and Stelligera share a strikingly similar surface architecture to typical raspailiid species, with large robust styles 2-3 mm long protruding from the surface surrounded by a bouquet of thin spicules, which in different species are variously described as styles, anisoxea, or oxea ( Fig. 6A-D) . This specialized ectosomal surface architecture appears to be confined to Raspailiidae and Stelligeridae and gives strong morphological support for a close relationship between these two families; however, it is not ubiquitous for all taxa. This highlights the difficulties in defining higher taxonomic groups on the basis of one or only a few morphological characters. In an undescribed species of Paratimea, the centrotylote oxea have fissurate ends; this type of spicule has previously been found only in Halicnemia verticillata and some species of Higginsia and appears to be apomorphic for Stelligeridae.
Condensed axial skeleton
An axial skeleton consists of a stiff axial region that is clearly distinct from a softer extra-axial region. A cross section through a branch of Axos cliftoni Gray, 1867 illustrates the occurrence of axially condensed skeletons (Fig. 1A-C) . van Soest (1991) argued that an axially condensed skeleton represents a functional response of erect branching sponges to the problem of obtaining rigidity. It occurs in Biemnidae, Axinellidae, Proposals for the classification of Heteroscleromorpha Morrow et al. (2012) proposed the resurrection of Axinellida Lévi, 1953 , based mainly on 28S rRNA sequence data. A new definition of the order was formally given to contain Axinellidae s.s., Raspailiidae, and Stelligeridae. The present study finds additional molecular and morphological support for this proposal.
Desmacella cf. annexa Schmidt, 1870 does not group with Biemna Gray, 1867, Neofibularia Hechtel, 1965, or Sigmaxinella Dendy, 1897. Molecular data from the type species of Desmacella Schmidt, 1870 (Redmond et al. 2013, this volume) indicate that D. cf. annexa is representative of the genus and we propose to resurrect Biemnidae (which has seniority over Sigmaxinellidae) for the clade containing Biemna spp., Neofibularia spp., and Sigmaxinella hipposiderus, and use Desmacellidae for species of Desmacella. Hajdu and van Soest (2002) pointed out that Sigmaxinella is distinguished from Biemna mainly by the possession of an axially condensed skeleton. Sigmaxinella is only represented in our CO1 genetree (Fig. 3) by a single species. Any decisions regarding the status of this genus will require additional molecular data from a greater number of species. We recovered a strongly supported clade containing Biemna and Neofibularia (Fig. 2) . Whilst our CO1 tree has a different branching order to our combined 18S-28S rRNA genetree (Fig. 2) , it shows strong support for a clade containing Biemnidae and Rhabderemiidae. On the basis of these molecular data and the morphological characters discussed above we propose to formally erect a new order Biemnida.
Biemnida ord. nov. Biemnidae Hentschel, 1923 Rhabderemiidae Topsent, 1928 Encrusting, massive, cup-shaped, fan-shaped, and branching sponges. Megascleres styles, subtylostyles, strongyles, rhabdostyles, or oxea. Spicules typically enclosed by spongin fibers. Reticulate or plumoreticulate choanosomal skeleton, maybe axially compressed. Extra-axial plumose skeleton usually present. Microscleres sigmata, spirosigmata, toxa, microxeas, raphides, or commata. Biemna and Neofibularia cause a dermatitis-like reaction when in contact with bare skin.
The problem of Hadromerida
The ''hadromerid'' families are found in four wellsupported clades (Fig. 1C) ; one contains Polymastiidae Gray, 1867, a second Clionaidae d'Orbigny, 1851 þ Placospongiidae Gray, 1867 þ Spirastrellidae Ridley and Dendy, 1886, a third Suberitidae þ Halichondriidae. The fourth equates to Hadromerida: it contains Hemiasterellidae þ Trachycladidae þ Tethyidae þ Timeidae. The order Halichondrida is left with only Halichondriidae and Suberitidae. A decision needs to be made whether to erect orders for each of these clades or suppress the order Poecilosclerida and/or Halichondrida and use Hadromerida for the very large clade containing Polymastiidae, Halichondrida, Suberitidae, Clionaidae, Placospongiidae, Spirastrellidae, Poecilosclerida, Trachycladidae, Hemiasterellidae, Tethyidae, and Timeidae; however, this is beyond the scope of this study.
